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SUMMARY

air scoop consisting essentially of a conventional
a dimple in the fuselage surface has been investigated
low speeds. The inlet had an entrance width+eight

ratio of alout 3.7 and a steep approach ramp (19° at the entrance) which
provided a short and compact installation. The internal and external
flow characteristics of the basic inlet without boundary-layer control
were studied by means of pressure and tuft surveys over a wide range of
inlet-velocity ratio. Studies were then conducted to determine the
effects of boundary-layer control, suctio~lot location and model
configurateion, and variations of boundary-layer thickness on inlet
performance. A self+activating boundary-layer bypass was incorpom,ted
in the final arrangement tested. An indication of the external drag
was obtained by wake surveys downstream of the scoop and by pressure
surveys in the boundary-layer suetion flow.

In the presence of a thin initial turbulent boundary layer repre-
sentative for a fighter airplane in >he high+peed high+altitude flight
condition, the peak total—pressure recovery ‘atthe end of the 2:1 area
ratio diffuser of the basic inlet without boundary-layer control was
83 percent of the free-stream dyusmic pressure and occurred at an inlet-
velocity ratio of 1.1. Application of boundary-layer control increased
the pressure recovery markedly over the entire inlet-velocity-ratio range
and shifted the peak pressure recovery to a much lower value of inlet—
velocity ratio. In the final arrangement tested, a suction quantity
of 11.7 percent of the entering flow produced calculated increases in
maximum net thrust of 6.2 percent or greater and calculated reductions in
specific fuel consumption of 3.1 percent or greater (compared to the
basic inlet without boundary-layer control) for a typical jet-engine
installation operating at a flight speed of &30 miles per hour. It
appears that the flow instability frequently encountered in the case of
twin internally coupled inlets will be avoided with this arrangement for
design high-speed inlet-velocity ratios as low as O.~.

%upersedes recently declassified I?ACARML~A13, 197).
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Appreciate increases in the thiolmess of the tiitial boundary
layer caused significant decreases in inlet performance which cemnot be
overccnnesimply hy increasing the suction quamtity. Hence, the inlet P

appears desiralle for application only at forward locations on the
fuselage where the boundary layer is relatively thin.

IM’I!RODUCTION .

h modem thin+inged fighter aircraft, equipment such as the radar
scanner and gurs must be located on the fuselage nose. This placement
of equipment frequently rules out the nose inlet and necessitates the
use of either the wing-root inlet or the fuselage scoop. The submerged
version.of the fuselage scoop> the subject of’this paper, is of interest
in such cases because installation usually can be accomplished without
increasing the frontal area or changing the basic lines of the body and,
presumedly, W5thout increasing the drag of the %ody importantly. A
secondary advemtage of the submerged scoop is that the ingestion of
foreigg material into the ducting is reduced as compared to other types
of inlets %y exterual inertia separation.

.

—

A satisfactory internal-flow pressure recovery is more difficult
to achieve with a submerged inlet than with a conventional protruded
inlet for two reasons: (1) the submerged approach ramp tends to confine .
the loundary layer approaching the entrmce ad to prevent it from being
swept outboard mound the entrance, as happens to an @portant extent in
the case of the protruded inlet (see reference 1); &d (2) the flow Y
ahead of the entrance must turn inward where the floor of the approach
rsmp diverges from the basic fuselage contour. This turning of the
flow decreases the surface pressures in this region md thus, hy
increasing the mqgxttude of the over-all pressure rise along the ramp,
causes the boundary layer on the ramp to thicken more rapidly and to
seperate farther upstream than in the case of the protruded inlet. The
increased flow velocity in this region also may cause important decreases “
in internal-flow pressure recovery due to boundary-layer-shock inte~ “
action at free-stream Mach nnnibersappreciably lower than those for the
protruded inlet.

One type of submerged inlet, described in references 2 and 3, has
leen investigated previously by the National Advisory Committee for
Aeronauticsm This inlet has an approach ramp which diverges fro?nthe
basic fuselage .aurfaoeat an angle of about 7° and is bounded at the
sides by trumpet-shaped walls wMch are approximately perpendicular to
the fuselage mrface. As described in reference 3, vortices originating

-.

at the tops of these ramp walls prevent most of the boundary layer
outboard of the ramp walls frm entering the ramp in the high-speed

w“

range of inlet-velocity ratio. Thus, as in the case of the protruded ““
.k.
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inlet, a large propotiion
entreace in this range of
ence 3, the effectiveness

of the fuselage boundary layer %Ypasses the
inlet-velocity ratio. As stated in refe~
of this self+ctlvating loundeq-layer

control decreases as the inlet=veloclty ratio Is increased to values

typical for clMbing flight because a large proportion of the vortex
flow then enters the inlet.

A second type of submerged inlet is the mib$ect of the present
investigation. This inlet, designated a submerged scoop, consists
essentially of a conventional scooy located in a dimple in the fuselage

, surface deep enough to permit complete submergence of the air inlet and
wide enough to yrovide ‘~~tters” on each @de of the scoop. If a large
proportion of the rap boundary layer can be made to l~ass the entrance
through these gutters, this arrangement, in the abeence of shock waves,
should provide internal-flow press~e recoveries only slightly lower
than those obtained with conventional protruded inlets.

Inasmuchas a suitable high-speed facility was not immediately
available for this type of research, the present prelWnery phase of

the investigation was conducted at low speeds in the ~–scale model of
15

the Langley full-scale tunnel, which is described in reference 4. The
results obtained obviously are directly applicable only to subcritical
flight Mach numbers. Large changes in the performance characteristics of
the inlet might occur at flight speeds appreciably exceeding those corre–
spending to the initial attainment of sonic veloci’tyon the approach
rsmp.

The model was installed-in a groundboard curved in the transverse
direction to stiul.atethe Side of a typical fuselage. The test inlet
had a wiclth+eight ratio of about 3.7 and incorporated a steep approach
ramp (19° at the entrance) which provided a short and compact instal-
lation at the expense of an increase h the magnitude of the n6gative
pressure peak at the start of the app$oach ramp. me irrterna2and
external flow characteristics of the basic inlet without boundary-layer
control were studied by means of pressure and tuft surveys over a wide
remge of inlet=velocity ratio. Stuties were then conducted to detemnine
the effects of boundary-layer control, suction+lab location, model
configuration, and v=iations of”boundary-layer thiclmess on inlet
performance. A self+ctivating boundary-layer bypass was incorporated
in the final smrsmgement tested. The benefits obtainedby the use of
boundary-layer control are discussed quantitatively in terms of the
performance of a typical Jet+3ngine installation.

Eh&ernal drag could not be determined directly in the present tests
because of the obvious limitations of the experimental apparatus. An
indication of the hag characteristics of the inlet at subcritical speeds
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was obtained, however, by means of wake surveys downstream of the scoop
and by pressure surveys in the boundary-layer suction flow.
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flow velocity

distance parallel to surface of,fuselage (see table 1;
station O corresponds to lip leading edge of configuration 1)

distmce from plane tangent to fuselage at center line of inlet
(See table I.)

distance mOasured perpendicular to surface

distsmce from plane of symmetry of inlet (See table 1.)

mass density of air

total thiclmess of loundary layer

displacement thiclmess of boundary layer

(1’(%)4

momentum thickness of boundary layer
(J%+-:)+

Subscripts:

av average vslue weighted.according to mass flow in case of -in
duct and according to area in case of suction ducts

b point just outside boundary laywr

d end of tiffuser of main duct

i point of minimum area near entrance of main duct

o free stream

s boundary-layer suetion flow

1 suction slot in ramp mead of entrance

2 suetion slot in duct floor downstream of entrance
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APPARATUS AND TESTS

A schematic diagram of the test setup is
views of typical scoops are shown in figure 2.

.

—.

w

shown in figure 1 and
Line drawings comparing

the six scoop configurations are presented as fi~e 3; details of the
hundary-layer-removal systems are given in figures 4 and 7; and surface
ordinates are given in tables I and II.

The minimum area near the entrance of the main duct was 25.1 square
inches for configurations I, II, and III and 24.7 square inches for
configurations IV, V, and VI. The measuring station in the Inlet was
located in the diffuser 3.4 inches downstream of the lip. The upper
and lower walls of the interhal diffuser diverged at an included angle
of 60 from the minimmwsr ea station to an area of 49.7 square inches at
the rear measuring station so that an area-e~ansion ratio of about 2
was provided. ‘

The internal-flow system (fig. 1) included an axial-flow fan and a
%utterfly+ype valve in the main duct and in each boundary-layer-removal
duct to permit testing over wide ranges of flow rates. The quantity of
internal flow in each duct was measured by nmsms of a calibrated
venturi. In the final configuration tested, a part of the boundary-
layer suction flow was not carried outside the tunnel but was ducted to
exits at the sides of the scoop, as might.be desirable in an actual
installation. (See figs. 2(d), 2(e), and 5.) In this case, the suction
flow’was determined from the readings of total=pressure and static–
pressure tubes located #ust.inside the exits of the bypass ducting.
(See fig. 6[e).)

Pressures at the entrance and end of the diffuser of the main duct
and at the ends of the diffusers of the %oundary-layer slots were
measured by means of the.rakes of’total-pressure and static—pressure
tubes located as shown in figure 6. The inlet rake of the main duct
was always removed when pressures were measured at the end of the diffuser
of this duct. Surface pressure measurements were obtained ?)ythe use
of flush orifices. Boundary-layer surveys ahead of the inlet were
conducted by using a total=pressure and static+ressure probe suspended
from a rigid fraam alove the test section.‘“”The total-pressure tube in
this prole was of O.OkO-inch-outside-diametertubing (0.002–inchwall
thiclmess) flattened so that the Over-all:thiclmessof the front end of
the tube was 0.012 inch. A micrometer screw at the top of the boundary-
laye~probe support strut permitted accurate positioning of this total-
pressure tube with respect to the surface.of the model. The static-
pressure tube in the probe was located 1/2 inch a%ove the total=pressure
tube. Boundary-layer surveys downstream of the scoop lip were made by
the use of rakes of total+ressure and stati~ressure tubes shown in
figure 2(b).

..-
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All pressure measurements on the model were recorded %y photo-
graphing a multituhe manometer. The clifferentlal pressures of the
severel venturis ed the survey=probe pressures were read visually from
ticromanometers. Tufts were used to olserve the d$rection and stability
of the flow. Plexiglass windows were installed at several points in
the ducting to facilitate observation of the flow within the tiffuser.

Each of the inlet configurations was investigated in con~unction
with one or more of the turbulent boundsx’ylayers 20 inches ahead of
the scoop lip shown in figure ~. Boundery layer A was the boundary
layer on the groundboard surface without artificial thickening.
Boundery layer B, which is considered to le approximately representative
of full+cale conditions just ahead of the wing of a fighter airplane
in the high+peed high+ltitude flight condition with regard to its
thiclmess relative to the imlet height~ was obtained by shelladcing a
g-inch-de band of coarse sand to the &oundhoard surface 40 inches
ahead.of the scoop lip. Boundary layer C, which was tested to determine
the effects of locating this type of inlet in a region of thick boundary
layer, was obtained by laying turbulence rods transversely on either
side of the sand strip used to generate boundsry layer B. The displace-
ment thiclmesses 5* of the three boundary layers at station +20
were 0.073, 0.O@, and 0.169 inch in alphabetital.order. The corre-

sponding shape parameters HI . ~ were 1.36, 1.29, and 1.24, as

.
c Ompared to the value of 1.286 for the + –power variation.

All tests were conducted at a tunnel speed of about 100 feet per
second which corresponds to a Reynolds number of approximateely 1.k x 10~
based on the inlet height.

REWIE1’sAND

The quantity of loundary-layer

DISCUSSION

suction flow usually is expressed in

Qsthe present paper in terms of the suction–flow coefficient OQ . —
~o&b”

This coefficient has physical significance in that it is the ratio of
the quantity of flow entering the suction slot to the quantity of flow
dimplaced by the boundary layer at station +20 over a transverse distance
equal to the suction-slot span b. The velue of this coefficient required
to obtain a given total=pressure recovery in the main duct would be
expected to remain nearly constant over a broad range of initial boundary- -
layer thlclmess. The ratio of the quantity of suction flow to the flow
qusmtity of the main duct x be readily determined by converting the
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to the equivalent value of Cq =

~

ty use of figure 8. For an inlet-velocity ratio of unity, the value
—-.

of Ca gives the flow ratio Q~/Qd directly-;for other inlet-velocity
.>

All results discussed are those obtained with initial boundary
la.yerB (fig. 7) unless otherwise noted. In the case of arrangements
using two boundary-layer suction slots in tandem, the downstream slot
dlways was faired out if a suction-flow coefficient is given for the
upstream slot only.

Study of Basic Inlet ‘WithoutSuction

Flow along rsmp and duct bottom.- Static+ressure distributions
along the center line of the ramp and duet bottom of slotless configu-
ration I (figs. 2(a) and 3) are shown In figure 9(a). The negative
pressure peak in the region of substres.mpressure required to turn the
flow shead of the entrance occurred about 4 inlet heights ahead of the
scoop lip. This negative pressure peak increased in value froIn-O.15~

to +.30~ end moved slightly aft as the inlet-velocity ratio was

increased from O.31 to 1.54. Downstream of this negative pressure peak, *

the surface pressure increased to a point l~to 2 imlet heights ahead

of the scoop lip as the flow diffused along the ramp and then changed w
rapidly to the errtrsmceyressure which was determined %y the inlet-
velocity ratio, the inle+velocity distribution, and the total-pressure
losses ehead of the inlet.

Static=pressure distributions in the valley approaching the inner
corner of the inlet and along the edge of the Mmple are presented in
figures 10(a) and n(a), respectively. In each case, the negative
pressure peak near the crest of the ramp off the center line never
exceeded that at the ramp center line. The pressures in the valley near
station O were much more negative at the higher inlet-velocity ratios
than those at the ramp center line because of the lerge induced
velocities at the inner side of the scoop lip. (See fig. 12(a).)

At irif.et+elocityratios below about 0.5, tuft ohsenations showed
that the boundary layer on the approach ramp separated ahead of the
inlet somewhat downstream of the stations where the surface pressure

distributions flatten out.
(

‘i

)
See distribution for ~ = 0.31, fig. 9(a).

o
As the inlet-velocity ratio was increased, the point of separation

v’
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moved progressively downstream and passed the measuring station at the
end of the diffuser at an inlet-velocity ratio of about 1.0. The flow
into the inner corner of the inlet was observedto be appreciably
rougher than the entering flow at the center line. Tuft obsenations
showed that this roughnese was caused mainlyby some of the boundary
layer outside the span of the inlet flowing down the approach valley
and entering the Met rather than passing outboard through the gutter
as was desired. ●

The boundary-layer thickness at the center line of the entrence
measuring station decreased rapidly with increases in inlet=velccity
ratio as the point of initial-flow separation moved downstream along
the rsmp and duct btitom, figure 13(a). An inlet-velocity ratio
greater than 0.6 was required to o%tain an Ht value as low as 2.6,
the approxhmte upper Mmiting value for unsepexated flow. (See
reference 5.)

Total-pressure recovery.-The average total--pressurerecovery at
the entrance measuring station increased rapidly with inlet=velocity

vi vi
ratio from 0.67qo at —=0.26 to 0.88qo at —=0.~, as the

V. V.

r- boundary layer thinned rapidly, smd then increased more slowly—
vi

to o.92qo at —=1.54. (See fig. 14(a).) The average total-
V.

pressure recovery at the end of the diffuser likewise increased from a
value of 0.53qo at an ~et+relmity ratio of 0.26 to a value

of o.83~o at an inlet+elocity za,tioof about 1.1, but then dropped
off again with further increases in inlet=velocity ratio because of en
increase in the diffuser losses.

External flow.- The surface pressures at the edge of the dimple
aft of the scoop lip (fig. n(a)) generally were more negative tbam the
surface pressures in the intersection of the scoop lip with the gutter
floor (fig. I-2(a)). As a result, the boundary layer on the floor of
the gutter tended to flow outward over the edge of the gutter at all
inlet-velocity ratios.

Tuft obsemations showed that the approaching flow was approxi-
mately &lined with the base, to~ente~line, and to~orner sections
of the scoop lip at inlet-velocity ratios of the order of 0.5. At
higher inl.et-velmity ratios, the flow approached these sections from
the outside at an eagle which increased gradually with increases in
the inlet+elocity ratio. The top portion of the scoop lip, figure 3(a),
was well suited to this flow pattern since it incorporated reverse
camber end a thick internal fairing.
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Inasmuch
cotiiguration

Comparison of Arrangements Utilizing

Boundary-Layer Control

as the internal-flow pressure recoveries obtained with
I were undesirably low, a stu~ of arrangements utilizing

boundary-layer suction to ottaln increased p%ssure recovery was
undertaken.

Configurations II and III.- In configuration II, a flush suction
slot shaped in accordance with the principles of reference 6 was in-
stalled in the approach ramp 3.82 inches (1.kO inlet heights) ahead of
the SCOOP ~ipa !t!hiSSIOt (fi$S. 3 and k) ~S SiRlib2TtO thd ilhls-
trated in.figure 2(a) and had a width of”O.187 inch and’a span of
14 inches compared to the entrance tidth of 10 inches. The location of
the suction slot corresponds approximately to the most forward separation

~=04
point observed for slotless configuration I for”

Yom”

.= –.

The original version of configuration 111, figure 2(a), was identical
to that for conffguratim 11 except that the suction slot was located
5 inches (1.83 inlet heights) ahead of the scoop lip. In the course of
preliminary tests, however, it was found necessary to relieve the central
portion of the ramp ahead of this slot and to etiend the center of this
slot lip forward to 5.2 inches (1.gO inlet heights) ahead of station O
(thus providing a submerged scoop-type slot at the center line) in order

?

to obtain reasonable spanwise uniformity of the suction flow at the lower
suction-flow coefficients. (See figs. 2(h), 3, and 4.) At the same time, 9
the span of this slot was reduced to 12.24 inches, inasmuch as this small
reduction in span had no measurable effect on the inlet flow, and the
gutter was deepened a small amount (fig. 3) in an attempt to improve the
flow into the corners of the inlet. The camber of the scoop lip also
was increased positively (fig. 3(a)) to SJ.1OWfor the change in flow
direction at the lip that was obsened to occur when boay-layer
control was applied to the ramp.

The application of boundary-layer suction to the approach ramp
caused Large increases in static pressure ahd large decreases in boundary-
layer-displacement thiclmess downstream of the suction slot at the lower
inlet-velocity ratios. (Compare results for.configurateions I and III,
figs. 9 and 13(b).) In both configurations 11 and 111, a suction-flow
coefficient of about 0.7 was required to obtain a reasonably uniform
flow into the suction slot. As illustrated for configuration III in
figure 15(a), a suction-flow coefficient of 0.8 caused large increases
in the average total-pressure recovery at the end of the,diffuser as
compared with the recoveries for slotless configuration I (about O.1~
at a ty@cal. high-speed inlet-velocity ratio of 0.6). Above this value,

●

k
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the average total-pressure recoveries at the inlet ad end of the
diffuser continued to increase with fw%her increases in suction-flow
coefficient, but at a decreasing rate. Doubling the suction-flow coef-
ficient produced an additional increase of only about 0.03qo at the

vi
end of the diffuser at — = 0.6; however, the minimum inlet+elocity

Vo
ratio for the sane total-pressure recovery was reduce&to about 0.48.
The increases in total-pressure recovery obtained by use of the suction
were large at the lower inlet-velocity ratios, lnztwere small at inlet-
velocity ratios equal to or greater than 1.0, for which the entering
boundary layer for slotless configuration I was already thin and unsep-
arated. (See fig. 13(a).) It is noted that the total-pressure recov––
cries given for the inlet of configuration 111 at inlet-velocity ratios
above 1.0, which are shown to be less than those for slotless config-
uration I in some cases, are believed to be lower than the true values.

At the maximum suction-flow coefficients invetiiga.ted(1.5 for
configuration 11 and 1.6 for configuration III)jthe average total-
pressure recoveries at the inlets of configurations 11 and III were
a%out equal. (See fig. 14(a).) The average totsl~ressure recoveries
at the end of the diffuser of configuration III were somewhat larger

(

VQ=06
than those for configuration II O.O~o at

)
. It is believed

V. “

that the lower recovery for configuration 11 resulted froma break in
the duct floor at station 0.51 (fig. 3(a)) which may have caused flow
separation; this break was faired out with a larger radius in configu-
ration III. The near equality of the entrance total+ressure recoveries
shows that the two suction slots were about equally effective.and that
the pressure-recovery characteristics of this type of inlet are not
critically sensitive to small variations in suct~o~lot location.

Tuft observations of configurations II and III showed that neither
suction slot was effective in eliminating the flow roughness at the
inner corners of the inlet which had been obsermxi ti the flow studies
of configuration 1. In each case some of the boundary layer outboard
of the slot ends was drawn into the slot. Some of the boundary layer
still further outboard.then flowed into the ramp and entered the inlet.
Additional arrangements were investigated, therefore, to determine M
the rough flow into the corner of the inlet couldbe elhinatetly
changes in the scoop configuration. Inasmuch as the average total-
pressure recoveries measured in the suction slots after diffusicm,
figures 16(a) -d 16(d.), were undesirably low, all succeeding suction
slots were designed for lower slot inlet-velocity ratios. Raised
scoo~ype slots were used in most cases in an attempt to recover a
l=ger percentage of the dynamic pressure in the boundary-layer flow.

-—
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Confiizuration W.- In configuration IV (figs. 2(c), 3, and 4))
the point of’divergence of the ramp from the basic fuselage contour was
varied in the transverse direction from the original position at the
center line to shout half the original distance ahead of the entrance
at the ends of the scoop. As shown in figure 2(c) the divergence of
the crest lines of the revised dimple was similar in shape to the
divergence of the ramp walls of the submerged inlet of references 2
and 3. The present arrangement differed greatly from this submerged
inlet, however, in that the surface was smoothly falred at all points
and that the divergence ternrhated at the edges of the original dimple
outboard of the scoop ends rather than at the scoop ends themselves.
It was hoped that this chmge in dimple shape would provide trawverse
gradients between the positive pressures at the center line of the ramg
and the negative pressures along the ramp crest lines ahead of the scoop
ends large enough to cause most of the ramp boundary layer to flow around
the ends of the SCOOP at low iriietielwity ratios.

With boundary layer A, the average total=pressure recovery measured
at the end of the ddffuser of configuration I!Twith a suction-flow coef-
ficient of 1.7 was higher than that for configuration III with a suction-
flow coefficient of 1.6 at inlet-velooity ratios below 0.7. (See
fig. Ih(b).) Tuft observations at and below this value of inlet-velocity
ratio showed that the flow separated fr~m the dimple crest 3 to 5 inches
on each side of the center line smd that strong vortices originated at
the points of flow separation. These vortices, which were similar to
those observed for the NACA submerged inlet -(reference3), entrained large
amounts of boundary layer from the ramp floor, passed down the gutters,
and then drifted outboard into the flow above the fuselage surface. It
was found possible to fair over the outer quarters of the suction slot
(thereby reducing the over-all suction quantity by one-half) without
affecting the pressure recovery at the end of the diffuser.

The total-pressure recovery for configuration IVwas less than that
for ctiiguratim 111 in the higher remge of inlet-velocity ratio,
figure 14(b). Also it appeared that the vortices shed at low inlet–
velocity ratios might cause large increments in pressure drag on the aft
portions of the fuselage and wing in the high-speed flight condition.
The drag of these vortices could not be evaluated in the present setup;
further investigation of this arrangement was therefore discontinued
pending the obtainment of drag data in future complete+nodel tests.

Configuration ~.– In conf@uration~ (figs. 2(d}, 2(e), 3, and4)
the ends of the scoop were slanted forward to the lip of a raised
sco~type boundary-layer slot which was long enough to extend into the”
gutters slightly outboard of these scoop lip extensions. This suction
slot was located 3.81 inches (1.39 inlet heights) ahead of station O
and had an inlet height of 0.35 inoh and a span of 11.88 inches. A
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second suction

13

slot installed in the duct floor 3.09 inches (1.13 inlet
heights) downstream of station O also was investigated to see if

< additional boundary-layer removal at this point would yield major gaims
in pressure reco-veryat the lower inlet+elocity ratios. This second
slot (figs. 2(e) and 3(a)) was a flush scoop+ype slot and had a height
of 0.22 inch over the floor of the duct. The height of the slot tapered
to 0.1 inch at the tops of the O.>inch-radius fillets in the bottom
corners of the duct.

Most of the gutters downstream of the scoop lip extensions were
faired out. This partial fairing out of the gutters increased the amount
of gutter boundary layer flowing over the scoop lip ex’tensionsinto the
inlet. The change was considered desirable, however, because it provided
smooth flow outboard of the scoop ends and greatly reduced the amount of
fuselage surface distorted by the scoop installation. The tendency of the
gutter boundary layer to flow outward over the edge of the dimple was
eliminated apparently because of the changes in the surface pressures
along the edge of the dimple relative to the surface pressures at the base
of the scoop lip. (See figs. 11, 12(a), and 12(b).)

Use of the raised-scoop+pe suction slot increased the surface
pressures on the ramp ahead of the slot a small amount over those
observed for the erremgements with flush suction slots. (Compare
fig. 9(b) with fig. 9(c) and fig. 10(b) with fig. 1O(C).) However, a
static-pressurepeak existed on the lip of this slot for most operating.
conditions, figures 9(c) and lo(c). This type of pressure pesk is
characteristic of raised-scoop-type slots Qperating at low value of slct

d inlet-velocity ratio, but does not occuq h the case of flush slots,
figures 9(b) and lO(b). The boundary-layer+lisplacementthichess at
the center line of the entrance was slightly greater at a typical high–
speed inlet=velcoltyratio of 0.52 than those for configurations 11
and III, probably because of the presence of this pressure peak,
figure 13(b).

Tuft observations showed that the flow into the corners of the inlet
of configuration T was nnzchsmoother than that for configuration III.
This improvement in the flow approximately compensated for the increased
thickness of the boundary layer entering the center portion of the inlet.

.-.

At comparable suction-flow coefficients, the average total-pressure
.

recoveries for configuration ~ with only the ramp suction slot operating
were slightly higher then those for configuraticm III at inlet+elooity
ratios above 0.7 and somewhat lower than those for configuration lXI
at inlet-velocity ratios below 0.7, figure 14(a).

Operation of the second suction slot i.nconjunctiontith the ramp
slot caused a further increase in the static pressures downstream of

9 the second slot (compare figs. 9(c) and 9(d)) and an appreciable increase

v
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in average total~ressm recovery at the end of the diffuser over most
of the test r&nge of inlet-velocityratio, figure 14(c). Total+ressure

.——.

V’i
G

recoveries measured at the end of the diffuser at —= 0.52 are pre-
V.

sented in figure 17 as a function of the suction-flow coefficients of —
~~a[~d~::md S~OtS. An examination of the lines of con–

superimposed on this plot shows that the total-

pressure recovery was essentially independent of the distribution of
suction between the two slots so long as the rsmp slot was operating at
a suction+low coefficient greater than about 1.4, apparently the
minimum value required to prevent flow separation between the two slots.
This insensitivity of the total~resmre recovery to the distribution of
suction between the two slots prevailed over most of the inlet+elocity-
ratio range. (See fig. 14(c).) Thus, for a given suction quantity, no
gain in effectiveness of the boundary-layer removal system was obtained
ly the addition of the second slot.

.

The average total-pressure recoveries in the ramp suction slot of —

configuration V (after an area expansion of 2:1) at a suction-flow coef-
ficient “of1.7 were about O.llqo greater than those for configu-

ration III at a suction-flow coefficient of 1.6 over the entire test
range of Wet-velocity ratio, figure 16(d). These total-pressure
recoveries were not changed to a major extent ly large increases in
suction-flow coefficient or by operation of the second slot,
figure 16(b).

With a suction-flow coefficient of 1.7 into the ramp slot, the
totel-pressure recovery in the second suction slot of configuration V
(also after an area expansion of 2:1) was much higher at a suction-flow
coefficient of 0.9 than that for the ramp slot in the hi.gh+peed range
of inlet-velwity ratio (compare figs. 16(d) and 16(e)). The total–
pressure recovery in the second slot decreased rapidly, however, with
increases in suction coefficient and with increases in inlet-velocity
ratio. In all cases, the total~ressure recovery became negative’at
inlet-velocity ratios above about 1.2. The rapid decrease of the totel-
pressure recovery of the second slot with increasing inlet-velocity ratio
was caused apparently by the slot being located in a region where the
static pressure decreased rapidly with Increases in inlet+elocity
ratio, figure 9(a).

Inasmuch as the average total=pressure recovery at the end of the
diffuser of conf@rationV was about the same as that for configw
ration III, configuration V is considered to be definitely preferable
to configuration III %ecause of: (1) the much greater pressure recovery
In the suction flow of the ramp slot after diffusion; (2) the greater R

smoothness of the external flow; and (3) the reduced distortion of the



NACA TN 3437

a

fuselage surface. The use of the second suction slot of configuration V
is not considered desirable, however, because: (1) the gain intotal–

*
pressure recovery obtained,by its use is no greater than that obtained
by increasing the suction qusm.tityof the ramp slot an equal amount,
and (2) the total-pressure recovery in the suction flow entering this
slot becomes negative or undesirably low at the higher inle+velocity
ratios which sre encountered intake+ff and climbing flight.

Confimlration VI .–A total-pressure recovery at the end of the
diffuser of O.gqo is usually considered to be the minimum value

acceptable for modern turbo~et aircraft in the high+peed and cruise
flight conditicms. The results for configuration V show that suction
quantities of 17 to 25 percent of the entering flow were required to
obtain this value in the high+peed rsnge of inlet-velocity ratio.
Only 5 to 10 percent of the air flow to the engine is required usually
for engine sad tail-pipe cooling. The problem of efficiently handling
and disposing the suction flow in excess of the emount required for
cooling therefore arises in the process of applying configuration V to
an actual airplane.

It appeared that a possible solution to this problem would le an
arrangement in which all or part of the suction flow entering the ramp
slot is bypassed to the fuselage surface as close as possible to the
slot imlet as was done for a protruded scoop in reference 7. This type

“ of srremgement was investigated in configuration VI (figs. 2 to 4),
which was exactly the same as configuration except for the ducting
end exits of the ramp suction slot (fig. 5)..

The suctio-flow coefficient provided by the bypass, figure 18,
varied from a msximmm of 1.97 at the lowest IriLe&elocity ratio
of 0.31 to a minimum of 0.8 at the highest inlet-velocity ratio of 1.54.
This decrease in suctio~flow coefficient with ticreasing lnlet-
velocity ratio was caused mainly by the corresponding decrease of static
pressure in the region of the slot wet. (See fig. 9.)

As shown by a comparison with the results for configuration V for
a constant suctio-flow coefficient of 1.7, figure 14(d), the effect of
the variable suction flow provided by the bypass of configuration~ was
to increase the avemge total-pressure recoveries at the lower inlet–
velocity ratios smd to decrease these recoveries at the h@herinlet–
velocity ratios. The maximum total-pressure recovery at the end of the
diffuser of configuration~ was about 0.03~ greater than that for

configuration V although the suction coefficients were nearly the sane
for the two arrangements at the inlet-velocity ratio corresponding to
peak recovery for configuration VI. It was found that the pressure

* recoveries obtained with configuration VI were consistently higher than
those for configuration at equal suctioeflow coefficients. !l?his

+
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difference may have been caused by a dissymmetry in the suction flow
entering the ramp slot of configuration VI. !hft observations showed
that appreciably more flow entered the outer quarters of the slot than
entered in the central half.

The peak total-pressure recovery at the end of the diffuser of
configuration VZ with only the ramp suction slot operating was o.905qo
as compared to 0.83% for slotless configuration I, and the suction

shifted the inlet-velocity ratio for peak pressure recovery from 1.1 for
configuration I to about 0.83 for configurationvI. (See fig. 15(c).)
At this inl.et+elocity ratio the suctiox+flow coefficient for confi~
ration VI was about 1.66 (fig. 18) or about 8 percent of the entering
flow (fig. 8).

The total-pressure recovery at the exit of the bypass ducting of
configuration VI, figure 16(c), was only O.lOqo to 0.18qo over the

test range of inlet-velocity ratio; thus, on the basis of the results
for configuration V, fig. 16(b), the losses-in the additional ducting
used in this arrangement amounted to about 0.15Q. This 10SS iS

regarded as excessive. It probably couldbe reduced appreciably by
more careful design of the bypass ducting.

Performance of Configurations V andVI

K

‘
—

With Boundary Layer B

Configurations V an.dVI are considered to be the most desirable
arremgements investigated. The results obtained with these arrangements
are summarized in this section of the paper and are analyzed to Indicate
the optimum design conditions and the lenefits obtained through the use
of boundary-layer control. At the present time, the ove~l perfomnmce
of these inlets cannot be compared with the ove~ performance of other
types of fuselage scoops and wing-root inlets because comprehensive
external+rag data are not available either for the present inlets or
for any other inlet of this general class.

Total-pressure recovery.- The average total-pressure recoveries in
the main ducts and boundary-layer removal systems of configurations V
and VI are sunmarized in figures 15(b), 15(c), and16. As previously
noted, the use of the second slot inside the inlet is not considered
desirable because of the low total-pressure recovery in the suction
flow entering this slot at the higher inlet+elocity ratios. However,
it has been shown also that the totsl~ressure recovery at the end of
the diffuser of the matn duct was essentially independent of the
distribution of suction between the ramp and second slots so long as
the ramp slot was operating at a suction-flow coefficient greater than

—

.

6

v—
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aboti 1.4. Thus, the total+pressure recoveries at the ends of the
miin+iuct diffusers of the tw~lot versions of configurations V and VT.,
given in figures 15(b) and 15(c), furnish an.acceptably accurate
indication of the tote.l+ressure recoveries that wouldhe obtained at
the end of the diffusers of the single-slot versions of these confi~
rations at suctiotilaw coefficients greatly exceeding the msximum
values investigated.

It is noted in figure 15 that when sufficient suction flow was
provided to obtain a peak totsl~ressure recovery at the end of the
diffuser of 0.90qo or greater, the total-pressure recovery at this

point remained shove o.85go o~er a range of inlet.=velwity ratio
broad enough to cover the more important flight conditions. It slso
is noted in figure 15 that the peak total+pressure recovery at the end
of the diffuser @th the maxfmum suctio=flow coefficient investigated
wsa lower thsm that which would be obtained by a well-designed nose
inlet even without boundsry-layer control. The use of the present type
of inlet can be judified, therefore, only on the basis of a design
capr~se.

The ovez-all induction losses measured at the erilof the
diffuser of comf@urationV at an inlet-velocity ratio of
infinity (vi = 100 ft/see, V. = O) are presented as a function
of the inlet dynamic pressure in the following table:

Cond3.tion %-% 1

~i

Both slots sealed and faired 0.033

Both slots vented to room pressure .034

Q1 Q2—= 0.066, —= 0.032
Qd Qd

.036

These small induction losses indicate that an auxiliary inlet (or ‘blow-
in door”) would not be required to ficrease the take+ff thrust of a jet
airplsme utilizing this type of air imlet.

Piffusion effectiveness.- The static-pressure recovery at the end
of the diffuser, figure 19, is the lower limit of the total.~ressure
recovery that would be obtained after any additional sraountof diffusion
and also is a direct msasure of the aver-all diffusion effectiveness of
the inlet+.iffuser combination. As shown in this figure, the static-
pressure recovery for slotless configuration was 0.4~ to 0.5qo less
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than the theoretical value for”uniform fiictionless flow, the differences ..

a

being chargeable to the total-pressure losses and the nonuniformity of
the flow at the measuri~ station.

G
The effectiveness of boundary-layer

suction in increas~ the ovez+all diffusion effectiveness is shown by
the large increases in static~ressure recovery obtained by the
application of suction. A tOt&l suction coefficient (CQ1 + ~Q2) Of 2.6

provided a gain in static-pressure recovery throughout the high-speed
range of inlet-velocity ratio equal to about one+half of the differences
between the values for slotless configuration I and the ideal values
which are approached closely by a well-designed nose inlet.

—

Velocity dlstributiona in internal flow.-Representatiye distri-
butions of the flow velocity at the inlet and end-of-the-diffuser
measuring stations of configuration are presented in figures 20(a)
and 20(b), respectively. As previoudy noted, the inlet measuring
station actually was located in the dfffuser after appreciable area
expansion; hence the velocity ratios given for this station are lower
than those for the minimum-area station of the entrance on which the
nominal inlet-velocity ratios were lased. With an inlet+elocity ratio
of 0.52 and a suction-flow coefficient of 1.7, the flow-velocity
distributions at both stations were very nonuniform, mainly because of
the thick residual boundary layer entering along the ramp. (See
fig. 13(b).) Inasmuch as the entering boundary layer thinned rapidly
with increasing inlet-velocity ratio (for example, see fig. 13(a)), the
flow distributions %ecame appreciable more uniform as the inlet+elocity w

$ratio was increased to 1.03 (fig. 20 ~ The improvemeti in uniformity
of the flow distribution caused by increasing the inlet velocity from v
0.52”to 1.03 was much greater than that obtained at an inlet-velocity
ratio of 0.52 by increasing the suctlon+flow coefficient from 1.7
to 2.6, for which the improvement In flow uniformity was negligible.
It appears that a proubitively high suction-flow coefficient would be
required to obtain a ne~ orm velocity distribution at the end of
the diffuser at low inlet-velocity ratios.

External draq.- Boundery-layer surveys were conducted at
station 8.o both before and after installation of the scoops. Section-
wake+ag increments for configurations V and VI calculated from these
measurements are presented in figure 21. In each case, installation
of the scoop reduced the drag over the span of the entrance and
increased the drag at the spanwlse location of the gutter. The increase
in drag behind the gutter of configuration~ was much greater than for
configuration V because of the low energy air flowing out of the bypass
eat of configuration VT Just ahead of the measuring station.

The section+ake+ag increments of figure 21 were integrated in
the spanwise direction to obtain the ove+l increments in wake drag -*

at station 8 caused by installation.of these two scoops. As shown by
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the lowest curve
reduced the wake
velocity ratio.
the wake hag at
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of figure 22, the installation of scoop configuration V
drag at station 8 throughout the test range of inJ-et-
hstallation of scoop configuration VI also reduced
station 8 for inlet+velocity ratios above 1.0, lut

increased the wake bag ly a small mount in the high+peed rmge of
inlet+elocity ratio. Inasmuch as the wake drag of configuration V was
essentially unaffected by suetion quam.tity, considerateion of the effeets
of suction qmtity on the friction drag of the fuselage would not
appear necessary in the determination of the optimum suction qusmtity.

The increment in external drag caused by installation of the scoop
in the basic body is considered to be the sum of the change in body
friction drag and the drag of the suetion flow. ~ order to obtain an
indication of the exbemal drag increment chargeable to scoop configw
ration V, the drag equivalent of the suetion flow of this arrangement,
calculated from the sucti-flow quantity end the total~ressure
recovery in the suction flow ef%er tiffusion, was added to the frictio-
drag increment detemnined from the weJresurveys at station 8 to obtain
the two corrected dra~increment curves given in figure 22. b the
case of configuration IV, no correction was necessary because the
surveys at station 8 covered the wakes of the bypass exits as well as
the wake of the scoop. The external drag increments for configuration V
obviously are slightly lower than the values which would be obtained if
a small additional total~ressure loss of o. lqo or less was assumed to

occur in the suction ducting between the measuring station and the duct
exit. The external drag increments for configuration VI also are
slightly higher than the values which would be obtained if the bypass
ducting of this arrangement was redesi~d to reduce the previously
noted excessive ducting loss of about o.lsqo.

The efiezma.l+rag-increment data of figure 22 indicate that
installation of an air scoop of this type in a region of coropsrable
boundary-layer thickness will not increase the etiernal drag @ortantly
above an inlet-velocity ratio of about 0.5, provided that the suctio~
flow coefficient is less than about 2.0 and provided that the bypass
exits are properly located so that they do not upset the flow in a
critical region such as the wing-fuselage juncture. This conclusion is
applicable only to subcritical Mach numbers. Further research is
required to establish the drag and other performancee characteristics of
this type of inlet at supercriticsl Mach numbers.

Criticel Mach nuuiber.–Representative surface pressure measurements
for configuration V sre given in figures 9 to U2. Critical Mach numbers,
figure 23, were predicted from these and similsr measurements by means
of the Von K&m& relation (reference 8). This relation is strictly

+ applicable only to the twc+dim.ensionalcase; however, results reported
in reference 9 for nose inlets show that this relation also is reasonably
accurate for the three+tmensional case so long as the critical Mach

*“

.
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nudber is not predicted from a sharp local pressure peak. The values
given are “iznconservativein that the induced velocities due to the v
fuselage, wing, and so forth, were not simulated in the test setup.
The results of reference 9, however, also show that the actual critical
Mach nmiber is appreciably higher than the critical Mach nuniberpredicted
from low-speed pressure measurements and that a further mrgin of the
order of 0.05 exists between the actual critical lkch number and the
forc~breek Mach number. Similar results have been observed in numerous
airfoil and wing investigations. It is believed that these effects
approximately counterbalance the unconservatism of the pressure
nmasurements so that no losses in pressure recovery or drag rises due
to shocks would occur at flight Mach numbers below the values,presented.

The predicted critical Mach nunihersof configuration V were not
affected importantly?q’ variations in suction quantity. (Compare parts
(a) md (b) of fig. 23.) The critical Mach number of the installation
was established by the top surface of the scoop lip at the inlet-velocity
ratios below about 0.6, by the center section of the ramp at inlet-
veloclty ratios between about 0.6 and 0.8, and by the inner surface of
the side of the scoop lip at inlet-velocity ratios above about 0.8. The
limitation imposed by the top surface of the scoop lip is not regarded
as important because of the large delay in the force break which would
occur for this component and because shocks in this region would not
affect the internal flow. Hence, the center section of the rsmp also
i.sconsidered to be the limiting factor at the inlet-velocity ratios
below 0.6.

The results of figure 23 indicate that in the high-speed range of
inlet-velocity ratio the scoop would perform essentially as at low
speeds up to a Mach nuniberof at least 0.81. h appreciable delay in
adverse effects due to shocks appears possible through modifications to
the transition curvature at the crest of the ramp. A further delay
could be obtained by reducing the inclination of the ramp.

Desire inlet-velmit~ ratio.- The inlet-velocity ratio for
msximum total+ressure recovery at the end of the diffusers of configu-
rations V and ~ was approximately 0.8 at the lowest suction-flow coef-
ficients investigated. (See figg. 15(b) and 15(c).) A much lower value
of inlet-velocity ratio is desirable for the high-speed design condition
so that the correspmding inlet-velocity ratios for take+ff and climb
till not be so large as to cause excessively low pressure recoveries.
An inspectim of figures l~(b) and 17(c) shows @at the total-pressure
recovery at the lowest suction-flow coefficients decreased only a small
~O~t (o.025qo or less) when the inlet-velocity ratio was decreased

to 0.6; but appreciable further reductions resulted in significant
losses. At the higher suction-flow coefficients, decreases in total-
pressure recovery greater than 0.025qo did not occur downto en

.4

2
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inlet-velocity ratio of 0.5. It appears, therefore, that single scoops
of this type should be designed for an imlet+elccity ratio in the high–
speed condition of 0.5 to 0.6.

The flow into twin internally coupled inlets has been observed to
be unstable in a number of installations when the inlets were operated
at an inlet-velocity ratio below that for leak total-pressure recovery
at the end of the diffuser. This flow instability apparently arises
when some disturbance changes the flow quad ity into one inlet. Inas-
much as the flow quantity to the engine tends to remain fixed, the flow
qusmtity into the second inlet undergoes an opposite and approximately
equal change. Then, since the total-pressure recovery in each duct
increases with flow rate, the flow qusmtity continues to increase ircto
one inlet ~d to decrease into the other inlet.

Results obtained in an investigation at the Ames Aeronautical
Laboratory (reference 10) show that the divergence in flow rates of twin
ducts ~ust described ceases when the static pressures in the two ducts
become equal at their juncture. This research also shows that this type ‘
of flow instability cannot occur if the static pressure in each duct at
its juncture with the other duct decreases continuously with increasing
inlet-velocity ratio. Thus, as shown In figure 19, t~uct inatal- .
lations using the sing.le-suctio~lot version of scoop configuration V
or VZ can be designed safely for high-speed inlet-velocity ratios as
low as 0.5, the minimum value recommended for single scoops. An hspec-
tion of the surface pressure distributions along the duct %ottom,

Ti
figure 9(c), shows that the surface pressure for — = 0.31 is more

Vo

‘~ .0.52 for all longipositive than that for tudlnal stations between
V.

the inlet and the end of the diffuser; hence, this design value is
satisfactory regardless of the sm.ountof area expeaeion that has been
o%tained between the duct entrances smd the point of juncture.

Optimum suction auantity.- ~ order to obtain an indication of the
optimum suction quantity, the effects of the suction flow in increasing
the maximum net thrust and reducing the corresponding specific fuel
consumption of an installation incorporating a typical jet engine rated
at 4,000 pounds static thrust at sea level were computed for a t~ical

high-speed design condition, To = 600 miles per hour and
~=06

Vo””
The results of reference 11 were used to detetine the effects of changes
in total~ressure recovery at the end of the diffuser on t’heperformance
of the engine itself. The drag of the suction flow, computed from the
duction-flow quantities and the estimated total-pressure recoveries
in the suction flc?wsat the exits of “thesuction ducts, was subtracted
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from the increase in net thrust Indicated in reference llto obtain the
over=all increase in net thrust. W the case of the ramp suction slot
of configuration VI, the total-pressure recoveries in the exiting
suction flow assumed were those given in figure 16(c). For all other
suction slots, a factor of 0.15qo was mibtracted from the values

given in figure 16 to allow for additional losses in the suction ducts
between the measuring stations emd the duct exits. The results of the
cmputatlons, figure 24, represent the gains in performamce obtained by
the use of boundary-layer control relative to the perfomanc e of the
installation using scoop configuration I. Boundary-layer control would
he expected to effect appreciable gains in perfozmsmce in this case or
in any other case in which flbw separation occurs ahead of the inlet.

The application of boundmy-layer suction is shown in figure 24 to
cause importxurbfncreases in maximum net thrust and important decreases
in specific fuel consumption for all altitudes between sea level and
40,000 feet. The calculated specific fuel consumption decreased
regularly with increases In sucti-flow coefficient for both the single-
and tw&slot sn’angements. The calculated gain in medmum net thrust,
however, reached maximum values for both the single and two-dot
arrangements and then decreased as the drag of the suction flow began
to increase more rapidly than the gain in thrust due to the suction.
At a total-suction ooefftciemt CQ1 + C% of 2.6, the specific fuel

—.

consumption for the singltilot and t~lot versicms of cotiigu-
ration V were the Same and the mximum net thrust for the two+!lot

4

version was only abotit1 percent greater than that for the singl=lot
version. Thus, in view of the lmitotal-pre$imre recoveries obtained #
in the second suction slot at higher values of inlet-velocity ratio,
the use of a second suction s1o%”of the t~e investigated again does
not appear justified.

As shownby the data for configuration III, the peak value of
maxtiutnnet thrust for the single+lot versions of the present type of
submerged S.COOPapparently ”mcurs at a suction-flow coefficient of 0.8
or below. However, inasmuch as the net thrust decreases only slowly
as the suctlm-flow coefficient is increased above this value, a much
larger value of suction-flow coefficient is desirable in order to
realize a further decrease in specific fuel consumption. The results
for configuration~ Lcidicatethat a suction-flow coefficient as high
as 3 may be desirable. It is noted that the decrease in net thrust
caused by the increase in suction-flow coefficient above the value for .
peak net thrust probably can be”minimized %y–~designlng the suctton
slot to obtain a lower slot entry velocity ratio. Several.investigations,
such as that of reference 6, have shown that ~ average flow velocity into
the slot entry of 0.6 of the local flow velocfty is approxtitely optimum.
With a main-duct inlet-velocity ratio of 0.6, the inlet-velocity ratio of <
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the ramp suetio~ S1O% of configurateion VI was aboti 0.53 based on the
Iocd flow velocity at a suction-flow coefficient of 1.8.

For the single-slot version of configuraticm VI, a suction-flow
coefficient of 1.8 (11.7 percent of the entering flow) produced
calculated increases of 6.2 and 6.4 percent in meximum net thrust at
sea level and 40,000-foot altitude, respectively. The corresponding
decreases in specific fuel consumption were 5.1 and 3.1 percerrb.

Variation of Boundary-Layer Thiclmess

Average totsl-pressure recoveries in the main ducts of configu-
rations III sm.dV are presented in figure 25 for the three initial
boundary-layer thicknesses investigated (fig. 7). The results for
boundary layers A andB, which had displacement thicknesses of 0.074
and 0.085 inch, respectively, were very nearly the same for comparable
euction-flow coefficients. Doubling the displacement thiclmess of the
boundary layer, however, yrtiuced losses of as much as

(

Q“%*
Compare recoveries at the ends of the diffusers for boundary layers B
and C!at equal.values of the total suction-flow coefficient CQ~ + C@

This result shows that the suctio~fluw coefficient requiredto obtain
a given total=pressure recovery is not independent of the initial
boundary-layer thiclmess, but insteat increases rapidly with increases
in the initisl boundary-layer thickness.

Average total-pressure recoveries in the ramp and second suction
slots of configuration V tier srea expansions of 2:1 are presented in
figure 26 for the three initial boundary-layer thichesses. It has been
shown previously that the total-pressure recovery in the ramp slot was
essentially independent of the suctio~flow coefficient. The results
of figure 26(b) indic~te, therefore, that the total-pressure recovery
in this slot is changed only a small ezaountby variations in the
initial boundsry-layer thickness. It shouldbe noted, however, that
even though the total~ressure recovery in this slot remains constemt,
the drag equivalent of its suction flow will increase continuously
with increases in initial boundsry-layer thiclmess at a constant
suction-flow coefficient because the absolute qusntity of suction flow
for a constsnt suctio-flow coefficient varies directly with the
boundary-layer thiclmess.

Results of calculaticms of the effect of bounds,ry-layerthickness
on the nuxdamm net thrust and corresponding specific fuel consumption of
a jet-engine installation using scoop configuration III are presented in
figure 27. The operating conditions considered are the same as those
considered b the preceding section of the paper. The calculation
procedure also was identical.except that the differences in wake drag aft

--
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of the inlet for the three boundary layers was taken into account.
Increases in the thickness of the initial boundary layer are shown to
cause important decr6ases in nmximum net thrust and important increases w

in the corresponding specific fuel consumption. These adverse effects
cannot be eliminated by merely increasing the suction-flow coefficient
because attending increases in the drag of the suction system would
offset any gain in total.~ressure recovery obtained at the end of the
diffuser. Hence, the present type of inlet appears desirable for .+

application only at forward locations on the fuselage where the boundary
layer is relatively thin and not at downstream locations such as might
be desirable for

A submerged
scoop located in
preliminarily at

an engine installed in the rear part of the fuselage.

SUMMARY OF RESUIWS AND CONCLhIONS

air scoop consisting essentially of a conventional
a dhple in the fuselage surface I& been investigated
low speeds both without and with boundary-layer control.

The more importmt results of the tests of this inlet in the presence of
an initial turbulent boundary layer approx-tely representative of fuU-
scale conditions #ust ahead of the wing of a fighte~type airplane in
the high-peed high~titude flight conditions are summarized as follows:

--.
1. Without boundary-layer control, the peak total+ressure recovery

at the end of the 2:1 area ratio diffuser was 83 percent of the free-stream
● -

dynsmic pressure and occurred at an inlet-velocity ratio of 1.1. Appli–
cation of boundary-layer control increased the pressure recovery markedly *
over the entire inlet-velocity-ratiorange and shifted the peak pressure
recovery to a much lower value of inlet-velocity ratio.

2. When sufficient suction flow was protided to obtain a peak total-
pressure recovery at the end of the diffuser of ~ percent or greater of
the free-stream dynamic pressure, the total-pressure recovery at this
point remained above 85 percent of the free-stream dynamic pressure over
a range of inlet-velocity ratio broad enough to cover the nm?e important
flight conditions.

3. The total+pressure recovery was not critically sensitive to
small variations in suctioz&slot location and, for a given total suction
quantity, was not increased by the use of two slots in temdem.

4. It is indicated that installation of an inlet of this type will
not increase the etiernal drag importantly above an inlet-velocityratio
of about 0.5 provided that the suction flow is exited in a regton which
is not critical with respect to flow separatiti.

,
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5. In the final arrangement tested, a

11.7 percent of the entering flow produced

25

mot ion qusmtity of’
calculated increases in

- max&im net thrust of 6.2 percent or greater and caI_culated reductions
in specific fuel consumption of 3.1 percent or greater (compared to the
basic inlet without boundsry-layer control) for a t~ical jet-engine
installation operating at a flight speed of 600 miles per hour.

6. It appears that the flow instability frequently encountered in
the case of twin internally coupled inlets will be avoided with this
arrangement for design high-speed inlet+velocity ratios as low as 0.5.

Appreciable increases in the thickness of the initisl boundary
layer caused significant decreases in inlet perfomamce which cannot he
overcome s@ly ly increasing the suction quantity. Hence, the present
type of inlet appears desiralle for application only at forward locations
on the fuselage where the boundary layer is relatively thin and not at
aft locations such as might be desirable for an engine installed in the
rear pert of the fuselage.

Further research on the present type of inlet – including, in par–
titular, measurements of the total drag – appeas desirable. Tests at
transonic speeds to estallish the high-peed characteristics sad complete
model tests to establish the effects of pitch snd yaw are necessary
before the inlet C- be recommended.for application.

●

Langley Aeronautical Laboratory,
9 National Advisory Committee for Aeronautics,

Langley Field, Vs., January 24, 1950.
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(e) Confi~ation VI, plan view. Confi~ation V
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